This paper examines the relationship between business dynamics and employment effects in 320 U.S. Metropolitan Statistical Areas (MSA). Much of the theoretical work on industry dynamics focuses on the role of noisy selection and incomplete information on entry and survival. We extend this research by looking at the impact of firm heterogeneity on employment persistence. We find that only start-ups with greater than twenty employees have persistent employment effects over time and only in large diversified metropolitan regions. Therefore, both the type of entry and the characteristics of the region are important for employment growth. JEL-Classification: J6, L6, L8, M13.
Introduction
New (small) business formation burst into the news in the early 1980's in large part because of the research conducted by one individual-David Birch. Birch had put together an extremely innovative and potentially powerful database. For years Dun and Bradstreet has collected data on firms and establishments in the U.S. economy.
Vendors could obtain credit and financial information on companies to which they were selling on credit. Businesses such as marketing firms could also use the data collected by Dun and Bradstreet to identify potential customers. Birch, who was affiliated with MIT's Center for the Study of Neighborhood and Regional Change, used the data to study the dynamics of business and employment effects in the U.S. The data enabled him to identify the birth, death and growth of establishments and to analyze establishments of different sizes and longevity (Birch, 1981) .
Birch made two seminal contributions, which have, unfortunately, been often overlooked in the subsequent controversy over his methods and conclusions (Davis, Haltiwanger and Schuh, 1996b) . First, he pieced together an extremely rich and powerful data set that allowed researchers, for the first time, to study business dynamics for the full spectrum of business and industries in the U.S. Until then, economists had been content studying highly aggregated government data that masked the birth, death and growth of businesses. Today, there are better data sets available for studying the economy, for example the Linked Census of Manufacturing data (Dunne, Roberts and Samuelson, 1989) and The Longitudinal Research Database (Davis, Haltiwanger and Schuh, 1996a) . The Bureau of the Census Longitudinal Business Database (LBD) has been developed at the Center for Economic Studies and provides longitudinal business data with information on employment payroll, industry and geography from 1975 to 2001 for establishments and firms with at least one employee (Jarmin and Miranda, 2002) . A precursor to the LBD is the Longitudinal Establishment and Enterprise Microdata database (LEEM) jointly developed by the Census Bureau and the U. S.
Small Business Administration (Acs and Armington, 1998) . The newly established Kauffman Firm Survey (KFS) allows the tracking of new firms over time with an emphasis on financial development, high technology and women-owned firms (for details, see Haviland and Savych, 2005, pp. 28 ).
Birch's second major contribution is his systematic study of small businesses which stimulated research and debate on small firms. Few economists had studied small business in the U.S. economy before Birch, even though these businesses constituted a large fraction of employment and sales in the economy (Brock and Evans, 1989) . One interesting aspect of his work focuses on the classification of different types (age and size) of establishments. "Of all the net new jobs created in our sample of 5.6 million businesses between 1969 and 1976, two-thirds were created by firms with twenty or fewer employees (Birch 1981, p. 7) ." He goes on to say, "Another distinguishing characteristic of job replacers is their youth. About 80 percent of the replacement jobs are created by establishments four years old or younger." Finally, "Whatever they are doing, however, large firms are no longer the major providers of new jobs for Americans (Birch 1981, p. 8) ." Today we know that small businesses do not generate the vast majority of jobs. However, they do produce a majority of new jobs and a greater number of jobs than we would expect based on their share of employment (Haltiwanger, 2006) .
We now know that the real issue in business dynamics is not so much size but age. Most new firms are small; most new plants are often larger than new independent firms and their parent firm is large most of the time .
However, we do not know as much about the rapidly growing business that started out larger than the new firm but smaller than establishments of large firms. These so-called Gazelles are new rapidly growing firms, which have sales in excess of $100,000 and grow at least 20 percent a year for 4 years, represent the most dynamic sector of the economy. The purpose of this paper is to examine the employment effects of business dynamics in a regional context (Fritsch and Mueller, 2004) . Employment effects are similar to persistence of jobs. However, while employment persistence looks at how long the job lasts, a form of survival, employment effects focus on surviving firm employment. Employment effects have three aspects. First, they examine the impact of employment creation by firm j in time t . Second, employment effects look at both the creation of new jobs as well as the displacement of existing jobs. Third, employment effects study the path of employment created by firm j over time. Mueller (2004, 2007) and Mueller, van Stel and Storey (2007) found employment effects to first, increase employment directly (employment creation in entry cohorts), second to crowd out inefficient incumbents lowering employment (as well as shrinking and exit of the entrants) and third to challenge incumbents leading to an increase in employment in these incumbent businesses.
While the theoretical literature suggests that noise selection plays an important role in industry dynamics, it does not give a lot of insight into what role different types of entrants plays were responsible for most of the employment growth in regional economies.
The next section of this paper presents the theoretical framework for understanding the relationship between business dynamics and employment effects.
The third section presents data and measurement issues. The forth section presents the empirical results over time, and the fifth section examines regions with a high concentration of rapidly growing establishments in detail. The final section offers a summary and conclusions.
The relationship between business dynamics and employment effects
The literature and issues focusing on gross employment dynamics are important. As the recent literature reviews by Sutton (1997) , Caves (1998) and Davis and Haltiwanger (1999) make clear, this research has a long tradition. However, it is only in the last decade that economists have 'picked the lock' of numerous census bureaus and organized the primary economic census data so that the births, deaths, survival and growth of individual business units can be traced.
This research has born the fruit of a great outpouring of stylized facts, where merely impressions had existed before. However, the interpretation of these facts is less clear. According to Caves (1998) , while the importance of research on employment dynamics is manifest to the economy, its development has not been theory driven. In fact, figuring out which theoretical models the stylized facts shed light on "is itself an exercise in hunting and gathering" (Caves, 1998 (Caves, , p. 1947 . This empirical literature can be interpreted through the lens of dynamic models and theories of industrial evolution and, therefore, should be of importance for evolutionary economics (Katsoulacos, 1994 , Dopfer 1995 . Jovanovic (1982) , Pakes and Ericson (1995) , Hopenhayn (1992) and Lambson (1991) have all developed models of industry evolution that can help us better understand the underlying patterns of gross employment flows. Much of the empirical analysis in recent studies of firm-level and plant-level employment dynamics is explicitly couched in terms of this type of theory (Evans, 1987; Dunne, Roberts and Samuelson, 1989) . Davis and Haltiwanger (1992) These models all suggest that enduring differences in the size distribution of firms and firm growth rates result less from the effects of capital intensity than from the effects of "noisy" selection and incomplete information. If this is the case, then the persistence of employment growth in the service sector should not be substantially different from the more capital-intensive manufacturing sector (Lucas, 1978; Lucas and Prescott, 1971) . Moreover, differences in employment growth should not be different between regions based on a different industry mix.
Jovanovic (1982) stresses the selection effects associated with passive learning about initial conditions. A firm's underlying efficiency level cannot be directly observed but is learned over time through the process of production. A firm that accumulates favorable information about its efficiency expands and survives, whereas a firm that accumulates sufficiently unfavorable information exits. Firms differ in size over time not because of capital intensity, but because some learn that they are more efficient than others. In this model, firms and potential entrants know the entire equilibrium price sequence, and based on it, they make entry, production and exit Lambson (1990) stresses differences in initial conditions, or uncertainties about future conditions, that lead firms to commit to different factor intensities and production techniques. These differences in turn lead to heterogeneity in firm-level responses to common cost and demand shocks. According to Hopenhayn (1992) , even firms that produce identical products with identical technologies can face idiosyncratic cost disturbances. For example, energy costs and tax burdens are often heavily influenced by local conditions. Exogenous, idiosyncratic cost disturbances lead to contraction at some firms and simultaneously, expansion at other firms. The above theories account for several factors that would plausibly account for employment dynamics within narrowly defined sectors of the economy or regions.
While these models are interesting as a way to think about business dynamics, they do not predict patterns of employment creation. They do not account for differences across sectors of the economy, such as services and manufacturing, firm heterogeneity, types of business startups and regions. However, it can be concluded from these dynamic models that if learning and noisy selection are more important than capital intensity, business dynamics should be similar for sectors with substantially different capital intensity, other things being constant. If capital intensity is more important then learning and selection, capital-intensive sectors should have higher persistence rates than less capital-intensive sectors because of sunk costs. Acs and Audretsch (1989a and 1989b) found that even small firms are not significantly deterred In order to examine regional differences in new business formation activity, it is useful to control for differences in the size of regions and to account for the economic potential of each region. Therefore, start-up rates are estimated according to the labor market approach defined as new establishments per 1,000 employees. MSAs with a high start-up rate based on small establishments also exhibit a high startup rate based on large firms (greater than 500 employees) or establishments belonging to a large parent company. If the start-up rate is sorted by establishments that belong to a firm with at least 500 employees, ten out of the top 20 are not even listed in the top 50 of the overall start-up rate (all establishments), e.g., Fayetteville-Springdale-Rogers (AR), Jacksonville (FL), Stamford-Norwalk (CT), Tallahassee (FL) and Denver (CO). Start-up rates are strongly correlated over time, and a large part of the variation of regional start-up rates can be explained by previous start-up activity (table 2; see also Acs and Armington, 2006, chapter 3) . However, the multiple regressions show that the high correlations decrease over time (column IV, table 2). The start-up rate in year t is mostly determined by the start-up rate from the previous year and only to some degree by the start-up rate from ten years ago. This high degree of multicollinearity is also found in Germany, Great Britain and the Netherlands Mueller, 2004, 2007; Mueller, van Stel and Storey, 2007, van Stel and Suddle, 2007) . Although we find a strong correlation year by year, there are changes over time. The results indicate that regions do change over time. Across all regions, the start-up rate varies between 3 and 18 new establishments per 1,000 employees. In order to analyze the long-term relationship between business dynamics and employment effects, we regress start-up rates in year t and each of the preceding six years on employment change over a three year period (percentage change between t and t+3). Due to the strong correlation of start-up rates over time, it can be expected that the regression model will suffer from a high degree of multicollinearity (table 2) . Therefore, the Almon lag method is used to avoid these problems of multicollinearity (for details see van Stel and Storey, 2004; Greene, 2003) . This method imposes restrictions on the parameters of the start-up rates therewith the estimated coefficients of the start-up rates are a function of the lag length. We include the variable population density to control for other regional factors such as movement of people, house prices and wages. The empirical analysis accounts for the years 1990 to 2003. The fixed effect estimator is used in the regressions in order to control for unobserved regional specific effects.
Empirical Results
New establishments have a strong positive employment effect the year they enter the market (table 3) . The empirical results show that the effects are decreasing over time.
From the unrestricted regression, we also find a negative employment effect of business dynamics, which might also be due to the high degree of multicollinearity. The results of the Almon polynomial lags indicate that the employment effect is decreasing over time but is never negative. Interestingly, those new establishments set up four or five years ago have a higher impact on employment growth than new establishments that entered two or three years ago. The results suggest that the employment effects of business dynamics fade away after six years. The employment effects over time are illustrated in figure 2. It can be clearly seen that the overall employment effect is positive leading to the conclusion that business dynamics lead to employment growth but the employment effects last only for about six years. Furthermore, our results support the outcomes of Mueller (2004, 2007) as well as Mueller, van Stel and Storey (2007) . Both studies found new businesses to have a strong positive employment effect shortly after entering the market, the effects decrease over time and reach a second maximum after about five years before the employment effects fade away. Furthermore, larger entrants have better survival chances and are more likely to create employment over time (Bruderl, Preisendorfer and Ziegler, 1992) . These new establishments are more likely to stimulate the performance of incumbent businesses, which consequently leads to employment growth in the region. Notes: Significant at * 5%, ** 1%; absolute value of the t-statistics is in parentheses
The distinction of the three groups of new establishments indicates that the magnitude of the employment effects and the distribution of the effects over time mainly depend on the size of the firm. Market entry of small new establishments is limited to short-term employment effects. In this case, the employment effects decrease over time and are negligible after five years (table 4, column I and II). We do not detect a long-term employment effect for this group of new establishments. The distribution of the employment effects are illustrated in figure 3. 
Figure 4: Employment effects over time -start-ups of firms 20-499 employees
The distinction between the new establishments according to the size of the firm reveals that a negative employment effect may also exist. The entry of new establishments of parent companies with at least 500 employees has strong negative employment effects. However, the employment effect turns positive six years after entry. One explanation for this phenomenon may be that most of these entrants are new locations of large multi-unit corporations and that these establishments may enter the market with a high productivity level. Thus, their entry forces existing businesses to exit the market which leads to employment losses in the region. Nevertheless, it can be expected that their entry is important since they force inefficient business to leave the market which leads to a positive employment effect in the long run. The employment effects of this group of entrants over time are illustrated in figure 5. 
Gazelle Regions
Birch concluded that rapidly growing establishments, Gazelles, were responsible for most of the employment growth in regional economies. Given the very important difference between new (small) firm entry (Mice) and rapidly growing new firms (Gazelles), we take a closer look at Gazelles and Gazelle regions in this section.
Gazelle regions are those that have a predominance of rapidly growing companies, namely at least one percent of the total number of Gazelles are located in each of these MSAs. Table 5 The Gazelle regions are concentrated on the west coast and east coast as well as around Chicago. Most of the Gazelle regions are also the home to major universities and research facilities. Furthermore, these regions are characterized by a high share of employment in the creative class and service class (Florida, 2002, pp. Further analysis shows that the location of a fast growing establishment is critical. In comparison to Mice and Elephants, in which case it does not matter where they are set up, Gazelles develop strong, long-term employment effects after entry. For Gazelles, we find positive short-term employment effects, negative employment effects two years after entrance and pronounced long-term employment effects in the long run.
Gazelles unfold their major employment effects after they have been in business for at least five years (table 6, column III and IV). Notes: Significant at * 5%, ** 1%; absolute value of the t-statistics is in parentheses.
The results suggest that the average employment effects of Gazelles are the same as those of the small firms if they are not in a Gazelle region (see figure 6 for illustration of the results). This raises questions about the role of the region in which the new establishment is set up. Gazelle regions are predominantly larger cities of the United
States which exhibit a highly competitive environment. New firms have to grow rapidly in order to increase their likelihood of survival. Furthermore, incumbent firms might be more likely to absorb the challenge due to the entrance of new establishments and react by increasing their efficiency. If learning and initial conditions are important for the employment effects of new businesses, rapidly growing firms in Gazelle regions might benefit from the business environment in these regions. The favorable business environment might also be characterized by a high degree of creativity (Florida, 2002 ), innovation activity, high level of productivity and a well-developed venture capital market and labor market. 
Conclusion
Much of the theoretical work on industry dynamics focuses on the role of noisy selection and incomplete information on entry and survival. This paper extends research industry dynamics by looking at the impact of firm heterogeneity on employment persistence. We find that firm heterogeneity has an important impact on employment effects over time. Moreover, we also find that it also depends on the regional characteristics of the location of the start-up. Some regions are more receptive to certain types of start-ups than others. Therefore, both the type of entry and the characteristics of the region are important for employment growth.
In comparison to other results, i.e., Germany, Great Britain or the Netherlands, the results for the United States show that the effect of new (small) establishments on employment is mainly in the initial years after set-up and the employment effect decreases over time. The induced long-term effect found in the two European studies was only found for rapidly growing firms in the United States. Therefore, we conclude that the initial conditions are more favorable for larger start-ups and new locations and plants of existing firms. Future research should also differentiate between new independent firms and new locations of existing firms in combination with a distinction of entry size.
